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Human Galanin Modulates Human Colonic Motility in Vitro 
Characterization of Structural Requirements 
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Background: Human gflftfrin (hGal) is a 30-ttaidiie aon-aaudated gur-braia peptide that $ho*& 
considerable sequence divergence compared with galanin (Gsl) forms uf other specie*. Coafbuifig reads 
have been reported with regard to the structural icquiiemeois for iis modulatory acuon on gut motility 
Methods: We investigated tbe effect of human and rai Gal and substituted analogue* of Gai on the 
OTtrectUity 61 Icmfflfudinal muscle strips of the human colon in vitro. Results: Both hGal and xGal 
contracted the preparations is a coucciatrBtten-depeudcnt and tatrtdotajdn-resktani manner witfera 
difference m aenailivity. The h^z-terminally truncated peptides hGai (3-30) and iGal (3-29) were 
inactive, whereas the rWftMerminai fragments, hOal (1-21) and rG*J (1—1 8), remained fully responsive. 
Stogie amino add jrabstxaitions at NHj-tcnnintl positions showed divergent results: substitution of Trp 2 
reduced significantly potency and efficacy, wfeereas substitutions at positions i, X 4, or 5 did oat 
m&rkadiy modify tfae bioactrvity of G*L GaJanbdc, a higfr-amiuty Gal antagonist in the centra nervous 
system, k a fixU agonist in htiiran colonic smooth musde. Conclusion: The COCH-t*fmir^al ear. of Gal 
contributes mainly tbe rc ccptor-biading affinity of tbe peptide, wberc&a the NH r tennisal region is 
r?w.TttTal fdr biologic activity. 
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Galanin (Gal), a 29-amisoacid peptide isolated from porcine 
snail intestine (1), has subsequently been found in the gut of 
several species, including man Recently, the primary 
Structure of human galanin (hGal) has been identified 
(2-4). Compared with the 2^-residuc porcine (pGal), rat 
(rGal), and bovine galanin (bGal), hGal comprises 30 amino 
acids with an additional non-ami dated serine residue at the 
COOH-tenniriua- bC&J differs in 4, 6, or 7 amino acids from 
rGaL, pGal, or bOal, respectively. All amino acid substitu- 
tions axe restricted to the CQOH-tenninal part of the 
molecule (positions 16-30; see Table I). 

Galanin has numerous effects both in the central nervous 
system and in peripheral tissues (5-7). In various species it 
causes contraction or relaxation of gastrointestinal smooth 
muscle oi modulates the action of other peptides or 
neurotransmitters on gut motor function. It may therefore be 
important for the regulation of gastrointestinal motility 
(5, 7, 8). However, the precise role of hGal, particularly in 
human tissue*, is still unknown. We therefore investigated the 
effects of rGal and bGaJ and several Gal analogues on isolated 
human colonic strips. 



MATERIALS AND METHODS 

Materials and drugs 

hGal, rGal, and their analogues and fragments were 
synthesized by aohd-phasc r^^-fiuorenyhncthoxycarbccyl 
(Fmoc) strategy (2,9). Peptides were purified by high- 
performance liquid chromatography (HPLC) to apparent 
homogeneity and characterized by mass spectrometry and 
amino acid analysis {2, 9\ The purity of the peptides was 
gieater than 95%. Galastirie (abo named M-15) was 
purchased to Saxon Biochemicais (Hannover, Germany): 
all other substances were bought from Sigma (Munich, 
Germany). 

Preparation of human longitudinal colonic muscle strips 

Segments of apparently microscopically normal tissues 
from the ascending, transverse, descending or sigmoid colon 
were taken from patients of both sexes (1? men and 15 
women; age, 45 to S3 years) who underwent abdominal 
surgery for tumors of the colon. None of the patients bad 
insulin-dependant diabetes meliitus or inflammatory bowel 
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Fig. 1. Dore-responsc wv« for the contractile eflfect of hGal, rGai, 
{Ala*)-hGa!, and [D-Trp 2 'Nteu*-r>AU 7 ]-T<3al oa htnnso colanx 
strips. Data are craessed as pcrcseatagc of the naa Tim a ) response 
abused with acetylcholine (ACh) (100 pM>. E*c* point is the mesa 
of four to seven cupcmneais; vertte&l bare indicate SEM. 



disease The patients were anesthetized with intravenous 
analgesia (featanyl, midazolam) in combination with halo- 
thane or enfiurane and N2O/O2, Full-thickness muscle strips 
from the taenia (length, 2-S cm; width, 0.2-0,25 cm) were Cut 
in parallel to the lonfptudinal axis and carefully freed from the 
mucosa. 

Measurement of muscular activity 

Tissues were used within I h after removal from the 
patients or after storage up to 44 h « 4°C rn Krebs solution. 
The strips were suspended under a load of 1 g in organ baths 
filled with 3 ml Krebs solution bubbled with 95% 0^/5% COa 
and maintained at 37'C. The composition of the Krebs 
solution was as follows: 118 mM NaCl, 4,7 rnM KCU 2.5 mM 
CaQz, 1.18 mM MgSCU, 25 mM NaHCO* 1.18 mM 
KHjPO^ and 5.6 mM glucose. Responses were measured 
isometrically with Grass FT03 force displacement transducers 
connected to a Grass multichannel polygraph (model 79D). 
The muscle strips were allowed to equilibrate for 60-120 mm. 
Experiments were started when the contractile response to 
acetylcholine (AOa) (1-10 uM) was constant Only one 
concentration -rosponst curve was obtained Srcm each muscle 
strip. Doses of peptide were applied individually with a 
micjunum of 20 min between each application. 
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TsWe £}. Efficacies and potencies of HGal, tCal und theb fnjgrr>cnb; «id analogues on contrition of human colonic longitudinal strips 







Potency (ECsf»> 


Relative 
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No. of experiments 


Peptide 


Efficacy (%) 
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potency (%) 
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67 ± 6 


62 + 13 
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64 ± 8 


49 ± 25 
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1445 ± 420* 
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J[Ala s j-bGil 
[Ala^-hCral 


61 ±8 
69 ±11 


361 £ 62' 

39 ± 16' 
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62110 


113 ± 21 
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hGai (1-21) 


74 s 5 


48±20 
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bGai-NH? 


60 ±11 


85 ±29 
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rGal 


76 a 5 


63 ±2 


113 
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4 


[O-Trp^Nlc^-D-Trp'liOal 


66±6 


S3 ±2 


99 


117 
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3148 £327* 


62 
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rCa) (1-18) 


66 ± 11 


92 ± IS 


99 


67 


4 



Data arc given ts means ± SEM of a experiments. Efficacy Is calculated as fcllcws: (maximal effect of pcpridc/maximal effect produced 
by acetylcholine (100 uM)) x 100. Potencies were calculated from computer-fitted curves using, the fig. I*. program. Relative potency and 
efficacy are expressed as percentage compared with bGal, Asterisks indicate statistical significance (p < 0.05) compared with hGai or rOaL 
respectively. 



Daia analysis 

The contractile effect of all peptides tested was expressed 
as pe rc e nta ge of the maximal response obtained with ACh 
(100 uM). The conceMTarion-respansc curves were analyzed, 
and the potency (6C*o) calculated from compurer-firted 
curves using the Fig. P program (Siasoft, Elsevier. Cam- 
bridge, UK). 

Statistical analysis 

Results are expressed as means ± SEM of n experiments. 
Statistical evaluation tot significance was performed with the 
appropriate Student's : test for paired or unpaired data 
adapted for multiple comparisons in accordance with 
Bo&fcfiOoi (10). 



RESULTS 

hGal (10-3000 nM) and rGal (10-2430 nM) contracted 
human colonic strips in a concentration-dependent manner 
and showed approximately the Same potency and efficacy 
(Fig. 1, Table 0). The maxima] contraction obtained with 
hGal and rGal was 67 ± 6% and 76 ± S% 7 respectively, 
compared with that of ACh (100 nM). The NH^-terminally 
truncated derivatives hGal (3-30) and rGal (3-29) had no 
effect at concentrations up to 10 jiM Hie dose-response 
curves of the Gal analogues [Ala^-hGal, [Ala 3 ]-hGal, [Ala 4 > 
hGal, [Ala s ]-faGal, [NIeu*]-rOai, and the fragments hGal 
(1-21) and rGal (1-18) were not markedly different from 
those of hGal and rGal (Figs, 2-4). The bioacoMty of hGal 



* I 

I § 
< « 



75 



60 



45 



30 



15 







b [Afa 1 ]- 


hGal 


* [Afa 2 ]- 


hGal 


t [AiaV 


hGal 


♦ [Ala 4 ]- 


-hGal 


• [Ala 5 ]- 


-hGal 




70 100 1000 10* 

Peptide concentration (nM) 



TO* 



Fig. 2. Cbncaeaitrfition-tesponse curves for hGal and NHz-terminslly alanifie-substlnned hGal analogues. 
Results are expressed as percentage of the maximal response Induced by acetylcholine (ACh) (100 11M). 
Bach point is the mean of four to seven iadtvldual detennlnadoos, and vertical bars show SEM. 
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Fig. 3. Dose-response curves of the contractile effect of iOaI and 
some rGai analogues and fragments on human colonic strips* Results 
?rt expressed 38 percentage of the nmrinml respond induced by 
acetylcholine (ACh) (100 nM). Fjtrh point is the mean of four 
experiments: vertical tars shew SEM. 



was not significantly modified after CGOH-tcxminaJ amida- 
tkai (Pig. 4, Table H). In contrast, replacement of Trp* by 
Ah 2 showed a 23-fold loss in patency (Figs. 1 and 2. TaMe 
II). Simultaneous replacement of the three NHr-terzninally 



located amino adds in positions 2* 4, and 7 by [o-Trp 2 - 
Nieu 4 *D-Ala 7 ]-rGal as indicated showed the strongest 
decrease in potency (about 50-fold) (Table U). With the 
exception of [Ala 2 ]-!iGa1 and [i>-Trp 2 -Nleu 4 -r>Ala 7 ]-rOal ( 
the peptides investigated had nearly the same efficacy (Table 
II). All potencies and efficacies are summarized in Table II. 

The contractions induced by hGal and rGai were resistant 
to tetrodotarin (TDC) (1 nM, n = 4 for each) and atropine 
(1 uM, n = 4 for each). To study the antagonistic potency of 
the putative Gal antagonist galantide (the chimeric peptide 
galanin (l-13)-snbstance P(5-11)X hGal (1 &iM) was tested in 
the presence and absence of galanride (100 ftM, 500 nM, and 
1 uM). Surprisingly, galanride was found to contract human 
longitudinal colonic strips dose-dependeody at the concen- 
trations used. When the contraction induced by galanride had 
decreased to base line, a second application of hGal showed 
an unchanged responsiveness (102 z 4; 104 ± 5; and 
112 * 13, n » 8) for each dose of galanride (Fig. 5). 

DISCUSSION 

The present study demonstrates that hGal is a potent 
modulator of human colonic motility in vitro. In comparison 
with rGai, no marled difference exists in the ability to 
contract human colonic longitudinal strips. The stimulatory 
effect of both peptides U TTX-iestsiaat and probably 
mediated through the same receptor located on the surface 
of the smooth-muscle cell Similar direct myogenic contrac- 
tile effects of pGal have been described in smootb-muaclc 
strips of human small intestine (11), human colon (12, 13),. 
and human appendix (14). The concentration range of 
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fig. 4- Coacenrratjon-response curves for the contractile effect of hGal, hGal (1-21), inC COOH- 
utnninilly imidfited hGal on human colonic si/ipa. Data are expressed rs percentage of the maximal 
response hdueed by ac^rykmoline (ACh) (100 MM). Each point represents the mean of four to six 
experiments; vertical bars indicate SEM. 
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Fig. 5. Contraction of human colonic Gtfips induced by faGal (I tlM) 
in th« presence of increased concentration* of galantide. Values ate 
means ± SE of tight «xperimcsto. 



effective doses reported in these studies was nearly identical 
to that of hGai observed in this study. Therefore, the hGal 
receptor present in the gastrointestinal tract did not 
distinguish between the different molecular forms of Gal or 
various species. This might be explained by the fact that the 
species differences in the primary structures of Gal are 
exclusively restricted to the OOOH-tcrminal part of the 
rolecuk (1-3; Table 0* 1* agreement with our previous 
results obtained in the rat fundus with pGal and rGal (15), the 
present study clearly shows that the COOH-tcrrninal region 
contributes mainly to the affinity of Gal towards its smooth- 
muscle receptor, whereas the NHj-terminal region plays a 
critical role tor its biologic activity. Particularly the first two 
amino acid* (Gly^Trp*) appear to be crucial tor receptor 
activation. 

There is experimental evidence f rom in vitro motility 
studies in the rat jejunum (16), guinea pig ileum (17), and 
taenia (IS) supporting this hypothetic Icteresringly, Chalcder 
A Rattan (19) reported that the COOH-tcrminal fragment Gal 
(15-29) caused an increase in resting tension of strips from 
the opossum internal sphincter, whereas native Gal 
produced a decrease In resting tone. A similar ph e no menon 
has been observed m the isolated perfused rat pancreas, where 
the hTH^rminai portion of Gal is essential for the inhibitory 
effect on ghicose-induced insulin release (20), whereas short 
COOH-termznal fragments of the peptide conversely show 
tttsulinotropic effects (21). The presence of distinct receptor 
subtype* in the gastrointestinal tract of different species has 
been shown by using the rVH^teraunal fragment of Gal 1-10. 



This fragmiait induced similarly to native Gal contraction of 
jejunal Strips of the rat but showed, in contrast to native Gal, 
no activity on neuromodulation of guinea pig taenia cob and 
rabbit iris sphincter (8). 

Cbrifiictmg results with regard to the structural fequiremecT 
.of Gal for receptor activation have alsobeen reported in other 
bioassay systems. The NH 2 ^erminaf portion of Gal is crucial 
for inhibition of forskcJin-induccd cyclic adenosine 5'* 
monophosphate (AMP) production and insulin release from 
Rin m5F cells and inhibition of pentagastrin -stimulated 
gastric acid secretion m conscious rats, whereas COOH- 
terminal Gal fragments were inactive (22-24). In contrast, 
COOH-terniinal fragments of Gal— that is, Gal (3-29) or Gal 
(9-29) — were able to inhibit ctolecystokmm^-stimmated 
amylase secretion (16). 

These results support the view that Gal receptors are 
heterogeneous with regard to species and anatomic regions. 
Additionally, different icceptor subtypes may be present in 
the same region, coupled to distinct effector systems, that 
might exert apposite effects. 

Galanride has been shown to potently antagonize the action 
of Gal in me central nervous system (6,25,26) and the 
galanin-tnduced inhibition of the glucose-induced insulin 
secretion from mouse pancreatic islets (27). 1ft the human 
colonic smooth muscle, however, galanride did not behave as 
a Gal antagonist On the contrary, it acted as a full agonist. 
The same results .were obtained using galanride on rat jejunal 
muscle strips and dispersed musck cells from the guinea pig 
stomach (28> Surprisingly, galanride did not act as an 
antagonist of Gal on glucose^ stimulated insulin release from 
the isolated perfused rat pancreas (29). Therefore, it seems 
that this chimeric Gal analog can behave both as an antagonist 
and as an agonist while mtcractmg with different Gal receptor 
subtypes. Alternatively, Gal receptors in different species/ 
tissues may have different agonist antagonist ratios of activity 
with regard to mis analog. 

In summary, hGal is a modulator of human colonic 
motility. For the Gal receptor present in the human 
gastrointestinal tract, the COOH-tenninal region of Gal 
contributes mainly to the affinity, whereas the hTHjHcrrniiiat 
region, in particular the first two amino acids (Giy-Trp), are 
crucial for receptor activation and biologic activity. COOH- 
terminal amldation, winch is not present in native hGal, is not 
required far receptor interaction. 



ACKNOWLEIX3EMENTS 

The authors thank G. Paetxold for excellent technical 
assistance and Dr. J. B. Qallwitz for helpful discussion, A 
preliminary report was presented to the American Gastro- 
enterological Association (30). This worK was supported by 
the Deutsche Foischungagemeiiischaft, grants Ka 1013/2-1 
and Schm 805/4-1; the German-Israeli Foundation for 
Scientific Research and Development (GIF project I-79- 



0 



1( 

11 



03 

s 



> 

U3 
|— 

m 

o 
o 

,3 



19-0CT-65 11:26 



020 7388 2544 



P . 06 



19HXT-2005 11 = 53 



BMA LIBRARY 



029 7388 2544 



P.0? 



Catania Modulation of Colonic Motility 451 



0.63 .2/38); and the Eli Lilly European Gastroenterology 
Award 1990 (W£. Schmidt). 

REFERENCES 

I. Taterooto K, fcokaeus A, Joravall H, McDonald TJ» Mutt V. 
Galanio — a flovd bialogicafly-nfctive peptide from porcine 
Uuestine, FHBS Lett l9$3;164:124-g. 

Z SctoiA WE Kntzin H. EcW *s Drews Mnadkowskl G. 

Clemens A, et el Isolation and primary structure of ptuitary 

human gniaaau a 30 residue non-aznidatad peptide- Proc Nail 

Acad 3a USA 1991;$$;n435-9. 
3 Evana HF, Shrno J. Human galsnin: molecular cl&mfig reveals a 

unique structure- Fr^ocrioplegy 199l;129'16tf2-* 

4. Bersani Johnserj AH, Hojru? P, Dunning BEL, Andreas 11, 
Hoist JJ. Human galsnm: Primary structure and identification of 
two molecular forms. FEES Len 1991:283:189-94. 

5. Rokaeus A- GalaaixL a i«wly isolated btologtc&Jly active 
neuropeptide. Trends Neurosci 19S7;10*. 158-64 

6. Bartfai T, Hsotwj G, UagcJ U. Galanin a nd Bal aam antagonists: 
molecular and biochemical perspective TIPS 199^13*312-7 

7. Rattan S. Kola of galanm in the got. Oasaoenterolagy 1991; 
100:1762-$. 

a Ekfclad E, HOcanson R, Smuilcr F, Wablstcdt C Galanm: 
r^utoinothilitory and direct contractile effects on smooth 
muscle reparations. Br J Pharmacol 1965;66:241-6. 

5. Schmidt WE, Sie^el EG, Krattin H, Creutxfeldt W. Isolation 
and primary srrocture of tnaxar-dehved peptides related to 
buman r^ncrsaaiatin and chranegranin A. Proc Natl Acad Set 
USA 1988;SS:S231-£. 

10- WaUewteia S, Zucknr CL, FUbb JU Some statistical jnctbodii 
useful in cittuHtioii teGeatdL Ctxc Re* 1980*47:1-9. 

II. Maggi CA, Pataccfaiiu It, Saaticioli P. Giuliani 5, Turinl D, 
Barbanti G, el aL Kuman isolated small ifitesttoe motor 
response* of tbc longitudinal museie to field stimulation and 
exogenous neuropeptide*. Nacnyu Schml^ulebcrgs Arch Phar- 
macol 198^39^15-23. 

12. B?xlei£h DE, Fareess JB. Distrtinitlon arid actions of galanin 
«nd vasoactive intestinal peptide in the humus colon r Neuro- 
peptide* 1990,16:77-82. 

13. Bennett A, Stamford IF* Sanger GJ. Bloom SR. Tbt effects of 
various peptides on human isolated gut muscle. J Pbsrm 
Pharmacol 1992;44:900-7. 

14. EfchUfl E, Ambjdmssoa E. Firman K Hakanaou it Sundler F. 
Neuropeptides In the human appendix. Distribaubo and motor 
effects. Dig &t* Sei 1989-.34: 1217-30. 

LV Kasoulls S» Schmkit WE, Scbwdrer li et el ErTacts of galaam, 
;ts analogues and fisarnfffitt on rat isolated nmdus strips. Bt J 
pharma«=ol 1990; 101:297-300. 

16. Roswwdri WJ, Zadmria S, Jiang N-Y, Mungan Z, Mills M, 
Ertan A. ct aL Galanin: stnictiRo-dependfint affect on pancreatic 

Received 3 September 1994 
Accepted 17 Novwsber 1994 



amylase secretion and jejunal atrip coniiacuon, Eur J Pharmacol 

1993;24TJ-.259u-67. 
17. Kuwahara A t Ozald T, Yansihara N. Galanio suppresses 

ocuraliy evoked canoacrions of circular uuisde io the guinea- 

pig ileum. Em* J Pharmacol 1939;164:175-8- 
IS. Fax JET. Broota B, McDonald T3, Baroctt W, Kostolanska 

Yanaihara C et aL Actions of g»bnia fragments on rat. gutneu 

pig, and canfne intestinal motility. Peptides 19^9:1183-9. 

19. C3takacT S f Rattan S. Effect* of gatenin on tac^oppofifium 
lntcirtal anal sptinctcr stmcrare-actiyiry rotauonship. Gastro- 
enterology 1991;100:711-8. 

20. Mocaizuki T, IshiXwa J, Ohsaima K, Greeley GH Jr* Ywuuhan 
N, et al. Ef&cta of gaJania fragments on insulin release from the 
isolated perfused pancreas. Biomed Eta: 1992;13:203-13. 

21- Yanaihara N. Mocbiatki T Igucni Hc^ninon M. Nagashima 
T, Ishi^awa i, ct aL A smicfui*-faiction relstionshipa of • 
galamn. Im HokfoU T # Bartfai T, Jacobowitz D, Ottoson D t 
editor*. Galanin. New York: Macroiuar. Bducanon Ltd 1997: 
1S5-96, 

22- Amu-anoff B, Lorinat A-M, Yanaihara N, Labunhe M. 
Structural requhctnent for galanin acdoo in the pancreatic £ 
ceil line Rin m5F. Bur J Pnannacol 19fi9,lft3.2QS-7. 

23. Gallwrta B, Schmidt WE, Sclrwarzhoff R. Creutzmfatt W- 
Galanin: structural reo 4 uhrineni& for binding aod sqmal trans- 
ductioa in Rin m5F Insulinoma cells. Biochem Biopbys Res 
Ccmmna 1990;172:268-75. 

24. Mongan Z, Otmen V, Ertaa A. Coy DH, Baylor LM, Rice JC. oi 
aL Structural require men ts for galanin iohibirton of pentagastrin- 
Mirttiilatfj gastric acid secretion m conscious rate. Eur J 
Pharmacol 1992;234;53-7, ^ 

25. Bartfai T, Bedccs K, Land T, Langel 0, Bortofelli S, G>rotu P, 
et al. rfif-n ajffiniry chiznehc peptide (fast fclocks the neuronal 
actions of galanin tn the hipoooamflua, tocut caeruleus. and 
spew) cotd. Proc Natl Acad Sci 1991^8:10961-5. 

26. Pramanik A, Ogren SO. Galaain-evoked acetylcholine release m 
the rat striatum is blocked by the putative gaUnin anragonisr 
M15. Brain Ros 1992^74;3l7-S. _ 

27. Lbdskog S # Ahren B, Und T, LAngel U, Bartfei T. The novel 
higb-afuxriry aatagonii^ galantidc, blocks the gilanm-mcdiaied 
inhibiaon of rfucoe«-tnduc«d issnhn fiecredor^. Ear J Phazxrecol 
1992;ig3:l8&- 

2*, Gu Z-F, Rossowtki WJ. Dry DH, Tapas Fredlum K, leasee 
PT. Cnimeric galanin analogs thai function as antagoru>t» io the 
CNS are full agonista in gastrointestinal smooth muscle, i 
Pharmacol am Thcr l993066^t3r-« 

29. Yanaihara N, Mocbtzoki T» Takatsuica N f Iguchi K, Sato K, 
Katosyama til ei al. Galanin analogues: agonist and antagonist. 
Regul Popt 1993;46:93-101. 

30. Kataduiis S, Schwer H. ScMeinmingcr R, 
Creutzfcldt W. Schmidtet WE Effect of non-amkiated human 
galanin on human cjokmic cncbUity in vUro; structure -acuviry 
relatioQ5hrp. Gastroentcroiogy l99z;102:466. 



U3 

m 

I 

5 



00 



O 
O 

< 




19-OCT-05 11:27 



020 7338 2544 



